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TAR SURFACE TREATMENT OF 


LOW COST ROADS 


Report of a Cooperative Study by the Bureau of Public Roads and Representatives of the Tar Industry 


ECAUSE of the extensive application of surface 
treatment to the construction of low roads 
and the need for obtaining additional information 
on this subject, representatives of the tar industry and 
the Bureau of Public Roads have recently made a 


cost 


field and laboratory study, in North Carolina, of 
surface-treated roads on which tar was used. The 
particular tvpe of treatment investigated consists 


essentially of the application of » light tar to the 
untreated road or prepared base, followed by an appli- 
cation of hot tar with a cover of mineral aggregate 
A third application of tar, sometimes ealled the seal, 


It 
was found that these hot tars produced a more durable 
surface on clean, hard bases but would not penetrate 


Later, more viscous tars applied hot were used. 


anv existing dust film on the road. lack 
of bond with the base, the road surfaces often corru- 
gated badly or were picked up by traffic. 

In order to obtain the advantages of both materials, 
the double surface treatment was developed, in which 
cold application tar was used as a prime and hot appli- 
cation tar for the second coat In this Wav a wearing 
surface of greater thickness and stability was developed, 
which did not pick up under traffic but remained plastic 


Because of 





A Tar-TREATED SURFACE 


is applied with a mineral aggregate cover after the 
surface has been subjected to traffie for a period of time. 
This method of treatment is designed to provide a 
Wear-resisting surface which will adequately protect 
th from deterioration and which can be eco- 
homically maintained in a satisfactory condition. 

ihe development of the double surface treatment as 
practiced in North Carolina resulted from early experi- 
ments in which a light tar was used on gravel or ma- 
Cadam bases. tar-treated surfaces were very 
Satisiactory for some time, as the tar penetrated into 
the road, allaying the dust and producing temporarily 
a bonded surface. However, under summer conditions, 
these surfaces disintegrated under traffic, and only by 
repeated re-treatments could the road surface be kept 
In good condition. 


base 


Ti , 
hese 
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IN Goop CONDITION 

and smooth under a wide range of weather conditions. 
Later, this same method of surface treatment was 
applied to topsoil and sand-clay surfaces. 

This report embraces a detailed study of 19 projects 
in North Carolina, where approximately 1,200 miles of 
this form of treatment have been built on many different 
kinds of bases and under varying subgrade conditions. 
Inspection of a considerable mileage of this type of 
construction indicated that these projects were repre- 
sentative of North Carolina conditions. They were 
situated in the Atlantic coastal section, the Piedmont 
section, and the mountainous section in the western 
part of the State and were selected to cover a wide 
range of soil and climatic conditions as well as methods 
and materials of construction. 

The detailed study of each project included an inspec- 
tion to determine the appearance, condition, and riding 
] 








ment. 





qualities of the surface. Samples of bituminous mat, 
base, and subgrade representative of typical conditions 
were taken for analy sis. For the purpose of this report 
the term “mat” is intended to describe the mixture of 
bituminous material and mineral aggregate immediately 
above the base. Information relative to details of con- 
struction, the type of maintenance employed and the 
amount of traffic carried was furnished by the State 
Highway Commission. Laboratory analy ses of the bitu- 
minous mats were made and base material and subgrade 
samples were tested for grading and soil classification. 


RESULTS OF SURVEY PROVE ADEQUACY OF TAR TREATMENT; 
IMPORTANCE OF SOIL STUDIES STRESSED 


As a result of this survey the following conclusions 
seem warranted: 

1. Surface treatment provides a satisfactory low- 
cost wearing surface on several types of base. 

2. Surface treatment has the advantage over the 
thicker surface mats in that it is more pliable and can, 
therefore, adjust itself to the movement on a flexible 
base with a minimum amount of cracking. 

New roads or base construction should be sub- 
jected to traffic for some time before being surface- 
treated, in order to produce adequate compaction and 
to determine the suitability of the base for surface treat- 
Compaction under traffic is valuable as a 
means of detecting an excess of plasticity in the base, a 
condition which should be corrected. 

4. In order to avoid failures in surface treatments 
resulting from unstable bases, research should be di- 
rected toward finding a means of reducing the plastic 


properties of the clay present, particularly in the natural | 


soils. 

A priming application is desirable as a final prepa- 
ration of the base, not only to stabilize and waterproof 
the top but also to insure a bond between the base and 
the surface mat. 

6. Tar of light consistency, because of its excellent 
penetrating and binding properties, makes a very satis- 
factory prime or stabilizing material. 

Hot application tars are more satisfactory for the 
second application; medium and heavy cold application 
tars have many advantages in seal and re-treatment 
work. 

8. A tough aggregate should be used as cover ma- 
terial in order to reduce crushing under traffic to a mini- 
mum so that the original texture of the surface and the 
stability of the mat may be retained. 

9. Very fine sand or roadside material should not be 
used for blotting purposes because it has a tendency to 
produce either a brittle or an unstable surface. 

10. A seal application is highly desirable as the final 
step in insuring a dense and waterproof surface. 


11. Cold application tar is preferable to hot applica- | 


tion tar in re-treatment work because it permits drag- 
ging and blading of the cover stone to produce a 
smoother surface. The finished road shows less tend- 
ency to bleed and is likely to retain its original texture 
for a longer time. 

12. The principal requirement of bases for surface 


treatment is that they shall neither soften nor undergo | 


appreciable change in volume with current changes of 
climatic or ground moisture conditions. 


13. Soil tests serve to disclose those characteristics | 
of the base material which materially affect the perform- | 
In this connection the 
mechanical analysis is of assistance but by itself is not | 


ance of surface treatments. 
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/adequate for 
materials, 

14. Determining the suitability of base soils accord- 
ing to their physical characteristics instead of by rule of 
'thumb methods m: iy show that the natural road soil, 
either alone or in some combination with other local 
soils, will serve as well or better than the more expensive 
base materials of recognized value. 

15. A content of clay binder as low as 5 per cent has 
proved satisfactory in surface-treated bases. How- 
ever, clays with capillary and cohesive properties as 
high as those of average or “statistical” soils! and 
| shrinkage properties considerably lower, may not prove 
detrimental in base mixtures even when present in 
amounts as great as 20 per cent. More than 10 per 
cent of highly plastic clay and all cases of highly 
micaceous material should be regarded with suspicion. 

16. Some method of correcting unsatisfactory base 
material may often prove desirable. Fine sand is 
used satisfactorily as an admixture to reduce clay 
content. Coarse material has not much value for this 
purpose and may be used to better advantage as a top 
course. The best method and material to use in stabi- 


distinguishing good from poor base 


_lizing a soil will depend upon the character of the partic- 


ular soil or base material. Often a thin top course of 
suitable material will increase the stability of the base 
sufliciently. In other cases, it may be advantageous to 
use a tar primer or to mix tar into the base. 


VARIOUS BASES USED FOR SURFACE TREATMENT 


The essential requirements of bases for surface treat- 
ment are that they shall carry the load imposed upon 
them and shall remain stable irrespective of moisture 
conditions without undergoing any change sufficient to 
injure the surface treatment. Among the more impor- 
tant materials used in base construction are the local 
topsoils, sand clay, sand-clay-gravel, shell rock, and 
various crushed materials. In North Carolina, top- 
soil and sand-clay, because of their greater prevalence, 
have been used more extensively than other m: aterials 

| in this type of construction. 

The bases which were used on the sections discussed 
in this report were, with one exception, originally 
constructed to serve as topsoil, sand-clay, or sand-clay- 
gravel roads. The exception was a base of sand-clay- 
gravel built to be surface-treated immediately. 

The topsoil and sand-clay used for surfacing consisted 
of a mixture of sand and clay either obtained from local 
deposits or produced by incorporating sand or clay with 
the natural soil. The surfaces were usually built with a 
compacted thickness of 6 to 9 inches at the center and 
feather-edged to the full width of the roadway. 

The gravel surfacing material was a mixture of gravel, 
sand, and clay binder obtained largely from pits or 
stream beds. It was hauled to the roadway, spread, 
bladed, and compacted under traffic. The cross section 
was either of uniform thickness for a definite width or 
tapered to the full width of the roadway. The com- 
pacted thickness of the course ranged from 4 to 10 
inches, depending on the character of the subsoil. 

In the mountainous areas where subsoil and moistur: 
conditions were unusually bad a subbase, made up o! 
hammer-broken field stone, approximately 6 inches 
thick, was built before the construction of the gravel 
course. Projects 13, 14, and 15 were of this type. 





1 The significance of the term “statistical soils” is discussed on p. 15. See al 


1 PUBLIC ROADS, vol. 12, No. 5, July, 1931, p. 131. 
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CONDITIONING THE ROAD FOR SURFACE TREATMENT 


Before applying the surface treatment it was generally 
necessary to do considerable work in the preparation of 
the base. The particular method followed and amount 
of work required depended on its condition. 

If the base course was of sufficient thickness and 
composed of satisfactory materials the preparation 
generally consisted of light blading or dragging to 
obtain a smooth, uniform surface. If the thickness 
was insuflicient new material was added and worked 
into the base course to produce a uniform andcompacted 
condition of the surface. 










LOOSE AGGREGATE BLADED 
FORMLY AND READY FOR 
TION OF PRIMER 


UNI- 
APPLICA- 





FIGURE 1 


Where the material contained excess clay, fine sand 
is often added to reduce the clay content. Coarse 
terial, such as gravel or crushed stone, was also 
ed in some cases to improve the condition of the 
e. When so used it was generally applied as a thin 
surface course rather than being incorporated into the 
base material. If the surface was loose because of 
nsufficient or unsatisfactory binder material, as was 
the case when comparatively clean sand-gravel was 
used in the base course, a somewhat heavier applica- 
tion of tar primer was used. 

‘n project 12, where the untreated surface cracked 
excessively in dry weather and was slippery in wet 
weather, a %-inch layer of creek sand was mixed into 


the top 4 A of the road surface to reduce the plastic 
properties of the topsoil and to provide a more stable 
base for the subsequent surface treatment. 

On the sand-clay portion of project 18 a layer of 
crushed stone 2% inches to 1 inch in size, was rolled into 
the surface to stabilize its loose, unbonded condition. 


ROADS 3 


A layer of crushed stone screenings was applied to the 
surface of the south portion of project 19, prior to sur- 
face treatment, to reduce the plastic condition of the 
topsoil road. 

On projects 4 and 5, where a loose and nonuniform 
condition of the topsoil and sand-clay existed, the soils 
were stabilized previous to treatment by road-mixing 
the soil with tar to form a compacted mat 2 to 3 inches 
in thickness. 

With the exception of 
subjected to traffic for a 
surface treatment. 


project 15, the bases were 
considerable time prior to 
lhe compaction and bond obtained 


LOOSE AGGREGATE ON 
BASE DISTRIBUTED 
IN PREPARATION 
TION OF PRIMER 


SURFACE OF 
AND ROLLED 
FOR APPLICA- 


-SAND-GRAVEL Bases READY FOR SURFACE TREATMENT 
depended upon their time in service and the character of 
the materials used in their construction. 

Immediately prior to surface treatment 
were generally dragged or bladed 
tain a smooth uniform surface. On 
where the surface was well bonded it was swept. 
If the surface was loose, as on the projects where 
relatively clean sand-gravel was used, the loose ma- 
terial was spread uniformly over the surface before 
priming. 

Table 1 gives the mechanical analysis of sand-clay- 
gravel materials taken from the base courses of a 
number of projects, determined by the method com- 
monly used in studying materials to be used for base 
construction. It is evident, however, that this method 
does not provide sufficient information, as it does not 
distinguish between silt and clay nor does it indicate 
the character of the clay. 

Tables 2 and 3 give more definite and complete in- 
formation on the properties of the various materials 


the bases 
lightly to ob- 
those projects 








TABLE 1. 


Laboratory numbe 
Project number 
Hole number. 


Total retained on 
3-inch screen 
2'-inch screen 
2-inch screen 
11-inch screen 
14-inch screen 
l-inch screen 
34-inch screen 
1o-inch screen 
14-inch screen 
No. 10 sieve 
No. 20 sieve 
No. 30 sieve 
No. 40 sieve 
No. 50 sieve 
No. 80 sieve 
No. 100 sieve 
No. 200 sieve 

Percentage of origi 

Percentage of origi 

Percentage of silt 


Condition of bituminous surface 
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S-6171 | Under 6-inch stone base 32 
4 inches thick 38 
Broken stone 6 inches thick 
S-6200 | Under 6-inch stone base 55 
7% inches thick 53 
S-6172 | 844 inches below surface 0 
12 inches thick 58 


S-6202 13 inches below surface 


1 2.0 to 0.25 millimeter 
20.25 to 0.05 millimeter. 
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Mechanical analysis of material taken from the base courses of a number of typical 
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ABLE 3. Analyses of base and subgrade mater 
TOPSOIL BASI 
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ed as bases on these projects, and similar informa- 

n regarding the subgrade soils. Table 2 gives the 

hanical analyses and also the results of the physical 

ts performed on samples taken from the sand-clay- 

gravel projects. Table 3 gives corresponding data on 

sumples taken from the topsoil and sand-clay projects. 

The significance of these test results in determining the 

sullability of the materials is discussed subsequently in 
this report. 


CONSTRUCTION OF THE SURFACE TREATMENT 


prime coat is the initial application of a tar having 
low viscosity to the original untreated road surface for 
the purpose of hardening and moistureproofing the upper 
Portion of the existing road. It produces a dust-free 
surface to which the subsequent application of more 
Viscous tars will readily adhere. 

In cases where the base was well bonded the surface 
Was swept to remove dust and other objectionable 
material, prior to the application of the primer. Where 
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vals on pro ects ha rnd Ds ) eand-c lay hase 


PROJECT 


n 0.001 millimeter 

the surface of the base was loose sweeping Was omitted 
and the loose material was spread uniformly and some- 
times rolled. Figure 1 shows two examples of such a 
surface ready for priming. The two upper views of 
Figure 2 illustrate the excellent surface which can be 
obtained by proper prime treatment of a loose base. 
The material used as a primer was a cold application 
tar, generally having a specific viscosity ? of 8 to 13 at 
10° C. However, 13-to-18 and 18-to-25 viscosity tars 
were used where the surfaces were open or loose. The 
amount of primer used on most projects was a third of 
a gallon; on others as much as 0.4 or 0.5 gallon was 
used. On projects 4 and 5, where the tar priming 
material was used to construct a mixed base; 1.2 and 
1.5 gallons were used. The kinds and amounts of tar 
primer used on the various projects are given in Table 4, 
and typical specifications and test values are given in 
Table 5. 


2 Unless otherwise specified, statements regarding viscosity refer to the specific 


viscosity (Engler) at 40° C, 
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TABLE 5.— Typical specification and test values for the priming mate rials used 
Grade rc-l rC-2 ( rC-4 
Specification Analyses Specificatic Analyse Ss Analyse Specificat Ana 

Specific gravity at 77° F 1.10 to 1.18 1.13 to 1.17 1.10 to S j x ‘ 0 s 
Water, per cent 2.0 0.5 to 2.0 20 0 to 2.¢ 2 | 
Free carbon, per cent 2 to 10 2.1 to 6.2 2to 10 t } 2 ( to 3.0 2 ( 
Specific viscosity, Engler, 40° ¢ Sto 13 9.3 to 14.8 13 to Is 7.9 s su 24 t 
Total distillate by weight, per cent 

To 170° C 5.0 0.3 to 4.2 0 1.8 2s ( 

To 300° C 10.0 25.8 to 37.4 0 ; m 24.8 { 10.0 
Softening point of residue, ( 465 50.0 to 64.5 ( x0 60 64.0 ‘ 

! This grade was used in the mixed hase treatment on project 4 

? This grade was used in the mixed base treatment on project 5. Test values on TC-41 \ 

Cube-in-water method 

4 Specification limit was 60 prior to 1928 and 65 for 1928 and after 


During cool weather the primer Was heated to a) with the tar material to form a 


temperature of 100° to 150° F. as an aid in obtaining 
better penetration into the base. During) warm 
weather it was applied at a temperature of 80° to 100 


F. Whenever possible, traffie was prevented from 
passing over the primed base for a period of 24 to 48 
hours. In some cases it Was necessary to prime half 
of the base at a time. The lower photograph of Figure 
2 is typical of the appearance of a primed base prior to 
the second application of tar material. 

SECOND APPLICATION OF TAR 

The next step in the construction of the surface- 
treated wearing surface is an application of a more 
viscous tar material, the function of which is to combine 
with the mineral aggregate cover to produce a thin well- 
bonded tar mat which will adhere to the primed base, 
and provide a wear-resistant and waterproof surface 

The material generally used was a hot application 
tar, heated to a temperature of 160° to 200° F. It 
Was distributed after thorough penetration of the prime, 
in a single application at the rate of a third to a half 
gallon per square yard. 

A cold application tar Was used as a second applica- 
tion on project 13, where the long haul made it more 
convenient to use this grade of material. On projects 
4 and 5 the tvpe of tar used in the construction of the 
mixed bases was also employed for the second appli- 
cation or seal. 

The kinds and amounts of second application hot 
tars (TH-1) materials, used on the various projects 
are given in Table 4 and typical specifications and 
test values in Table 6. 


TABLE 6.—Typical specifications and test values of the hot tar 
materials used 
Specification Analyses 
Water None Non 
—— set at 2% ° sia ? { 40 to 1D 1109 to 
Float test at 32° C., seconds ) 120 to 170 2191 to 169 
Distillation by weight, per cent 
Total to 
170° C., not more than l 0.0 to 0.7 
235° C., not more than_. 10 0.5t0 91 
270° C., not more than_. 15 &.2to 17.4 
300° C., not more than 25 12.7 to 23.5 
Residue, by weight, per cent, not less than 75 
Specific gravity of total distillate at 25° C., not less 
than_. 1. 03 
Softening point of residue* °C., not more than 75 53. 3 to 73.0 
Total bitumen soluble in CS:2, per cent 82 to 95 83.9 to 92.7 


1 Specification limits used up to and including 1927 
? Specification limits used after 1927 
’ Cube-in-water method. 


APPLICATION OF COVER MATERIAL 


Following the second application of tar 
aggregate was applied in sufficient quantity 


a cover of 


to combine | 


stable, nonskid, and 
Wear-resistant mat 

The eover material Wis crushed eranite or limestone 
of various gradations. On the majority of the projects 
it was 1 inch in size; on others it was 1 
inch, inch, and inch. The amount 
cover ranged from 35 to 50 pounds per square vard. 
Spreading was done by hand with mechanical 
spreaders. Hand spotting and broom dragging followed 
spreading. The surface was then rolled, generally with 
a 5-ton roller, until the stone was thoroughly seated 
in the tar The amount of rolling depended to some 
extent on the toughness of the cover material The 
kind and quantities of cover used are civen in Table ¥ 
The following mechanical analy ses are tvpical of the 
grading of the larger sized cover materials. 


to tO % 


to to oft 


Passing 1!, inch, retained on 1 ineh, per cent 11 1 
Passing 1 inch, retained on *, inch, per cent 63 28 
Passing *, inch, retained on inch, per cent 23 32 
Passing inch, retained on 'y inch, per cent 2 29 
Passing ', inch, per cent l 7 
Total LOO 100 

SEAL TREATMENTS APPLIED AFTER SOME MONTHS OF 


COMPACTION BY TRAFFIC 


A seal treatment is generally applied to the surface 
at some interval following the original construction in 
order to further waterproof, bond, and smooth = the 
surface. 

A seal treatment was apphed, with one exception, to 
all the studied. The interval between the 
original treatment and the varied from three 
A cold-application tar of either 1S 
to 35. 5 to 50 Viscosity was used, except 
on project 8, where a hot-application tar was used 
Both granite and limestone were used as cover material 
The size was generally inch, although on a few 
of the older projects 1 or 1', to 4 inch material was 
used. The larger size was used in order to thicken thi 
mat as well as to obtain a more effective early smooth 
ing of the surface. The amounts and kind of materia! 
used are given in Table 4. Typical specifications and 
test results of the cold-application tars used for th 
second application on project 13 and those used in the 
seal treatments are given in Table 7. 

Some of the older projects have received re-treat- 
ments. The materials and quantities used were sim- 
ilar to those used in the seal treatments except that on 
the more recent work there has been a tendency to use 
cold-application tar of a higher viscosity. Details of 


sections 
seal 
months to a vear 


to 25, 25 


or 5 


, to 


these re-treatments also are given in Table 4. 
Mechanical operations common to surface treatmen 
seal, and re-treatment work are illustrated in Figure 
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cation tars used in the second application, seal, and re-treatment 


rc-4 I i 
Used in- St Seal Seal and retreatment | Second application 
( ’ Anal) Spe itio Analyst | Specification Analyses Specification Analyse 
| 
Specific gravity at 77° F_-- 10 to 1.15 1.17 | 1.10 to 1.18 | 1.13 to 1.16 1.10 to 1.18 1.15 to 1. 1s 1.10 to 1.18 1.16 to} 
Water, per cent........... 2.0 1.0 | 2.0 | 0.9 to 1.9 } 2.0 0.8 tol9 | 2 0 | 
Free carbon, per cent--. 2to 10 | 2to 10 3 9t0 4.3 2 to 10 1&8 to 6.5 | 2 to 10 
Specific viscosity, Engler, 40° C 18 to 2 25 to 35 26. 1 to 34.3 35 to 50 | 5.0 to 48.4 50 to 6 6.6 to 62.0 
Total distillate by weight, per cent 
ol. <  —s 5.0 | 5.0 | 0.3 to 1.6 | 5.0 0.3 to 2.0 | 5.0 | 0,2 
To 300° C 5. 0 ( 10.0 0 9, ( 10. ( 20.8 to 28.0 | 410. 0 2 to ¢ 
Softening point of resic jue 7,° C r 6 50.0 to 61.5 t 42.0 to 62.0 65 | 5D. Oto 62. ( 
Used Cube wa 


DISCUSSION OF THE PROJECTS STUDIED 


The cost of surface treatment, exclusive of the seal 
on the projects studied ranged from about $1,500 to 
$2,700 per mile of 18-foot width, depending largely upon 
the availability of materials. Patrol scjp cost 
from about $200 to $300 per mile per year, and seal and 
re-treatments from about $1,050 to $1,2 50 per mile. 


ROUGHNESS INDICATOR USED TO GAGE RIDING Ql ALITIES 
OF SURFACES 


The surface roughness of the projects as indicated by 
roughness indicator * readings varied considerably, not 
only between projec ts but between various portions of 
the same project. Readings were taken in June and 
December, 1931, with a roughness indicator installed on 
a Chevrolet sedan operated with 35 pounds tire pressure 
and at a speed of 25 miles per hour. 

The results given in Table 8 show that lower readings 
were obtained in December than in June. This ditfer- 
ence was probably due in large part to the greater resist- 


ance to movement at low temperatures of the hydraulic | 


shock absorbers with which the car was equipped. 


TABLE 8.—Roughness indicator readings taken on the project 


studied 


’ A verage roughness 
Size of cover 


A verage factor per mile 
or material used Pir 
Project in seal and TT. gore ae 
re-treatment same” ber, 1931 
Vehicles 
Inches per day 
1. 4 to 34 620 5] 16 
incwwekan 4 to 36 540 87 a 
3. 4t 16 660 ne 04 
= 1 to 38 360 122 sO) 
§.- 1% t 620 130 
= 3% to %* 60 78 
 S 4 to 48 171 79 
f to % 
8.. 1 1% to % 00 8 
Tice lto % 600 ’ f 
. = 4 to 34 610 67 9 
il rid: 630 
1 34 to 3% 160 7 54 | 
i... “ . loo 140 
14_. 34 to 38 150 159 
Seen 4 to 48 110 132 
a - fic ‘ 400) 12s ss 
Dias edmnatinel 1 to 34 ASO) 132 
Teenie int 1 to 34 220 109 130 
| See 1 to 3& 220) 129 > 


1 Re-treatment. 2 Estimate. 
Experience with the roughness indicator has shown 
that the small surface irregularities obtained with a 
coarse stone cover tend to increase the readings, al- 
though the riding qualities of the road may not be 
affected. The instrument is sensitive to very small axle 
displacements and will measure roughness due to surface 
texture in addition to that due to the general contour of 
the road surface. In other words, its readings are a 





3 This device was described in PusBLIc ROaps, vol. 7, No. 7, September, 1926. 


“| later in this report. 


measure of the relative total roughness of the surface 
tested. Differences in the measurements which may be 
due to differences in cover material are not necessarily 
indicative of significant differences in riding quality. 

A study of the values given by the roughness indi- 
cator on the projects where % to % inch cover was used 
in the seal treatments as compared with those on which 

| 1 to % inch cover was used show considerably oreater 
roughness for the larger aggregate. Six projects on 
which the smaller sizes aggregate was used gave an 
average reading per mile of 74 in June and 54 in De- 
cember as against corresponding averages of 114 and 92 
on four projects having the 1 to % Inch aggregate. 
While this difference Mav not be due entirely to size of 
cover material, it is probable that this factor has had 
some influence. 

Readings taken for comparison during February, 
1932, on the newly constructed Mount Vernon Me- 
mortal Highway, which is considered to have somewhat 
better than average smoothness, were as follows: 

(a) Bituminous concrete on clay-bound gravel base 
| 
(6) Bituminous concrete on reinforced concrete base 
59. 

(ce) Sheet asphalt on plain cement concrete base, 49. 

SERVICE GIVEN BY TREATMENTS GENERALLY SATISFACTORY 


The service behavior of the treatment was, in general, 

satisfac tory although there was considerable variation 

| not only between the various projects but between por- 
| tions of an individual project. 

The type of failure occurring most frequently on the 
projects was a cracking of the mat, usually confined to 
small local areas. This type of feilure occurred over 
bases and subgrades having high plastic properties and 


/ seemed more pronounced on projects in the coastal area 
.| where poorer drainage conditions no doubt tended ti 


| increase the plasticity of the subgrade and base mate 
rials. Light re-treatments were generally successful in 
repairing areas where failures of this sort occurred 
Figure 4, A is a typical illustration of such a failure. 

Detailed discussion of the base and subgrade ma 
terials, their effect on the behavior of the surface treat 
ment and a description of tests for their control is give! 
(See pp. 14 to 20.) 

The value of applying a tar primer previous to sur- 
face treatment has been demonstrated by these studie 
The major functions of a primer are to bind, stabiliz 
and waterproof the top portion of the base and t 
develop a surface to which the superimposed mat wi 
adhere. Examination of samples taken from the ro: 

‘showed that the primed base and the tar-treated m:t 


were very firmly bonded and that the thickness of tl: 
wearing surface was increased by the depth of the tar- 
The depth of penetration varied 
because of the different types of base 


penetrated base. 
considerably, 


FS ints LY ale Sc 


Basie eaten 
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material treated, ranging from %-inch on the well 
bonded topsoil and sand-clay bases to 1 inch or more on 
the more open gravel bases. The depth of penetratior 
on the latter type of base was limited largely by thy 
amount ana consistency of the tar used. 


HOT TAR PREFERABLE FOR SECOND APPLICATION 


This study indicates that for surface treatments of 
this ty pe the use of a hot tar for the second application 
vives better results than are obtained by the use of : 
cold tar. Under certain conditions there is a tendency 
for the cold application tar to penetrate Into the primed 
base rather than to remain on the surface. When this 
occurs the cover stone Is either pressed into the softened 
base or whipped of] hy trafhie This condition dey elope (| 
on projects tand 5 where the bases were of the mixed 
prime type. The cold tar used as second application 
materialon these two projects penetrated into the mixed 
base and softened the top portion so that the cover 
stone Was pressed into the base. Asa result there was 
some shoving and loss of cover material on both proj 

Figure 1, Billustrates this condition as it occurred 
On project 2. Laboratory examination of the mat on 
project 5 showed the top portion of the mixed base to be 
renerally richer than the lower portion | 
extracted from the base course In one location which is 
heheved to be fairly representative of this 
showed 7.4 per cent of bitumen tn the top portion a 
compared with 4.0 per cent in the bottom portion 

On the majority of the projects studied hot tar was 
used for the second application The hot tar 
satisfactory surfaces even where the base, as in project 
11, was loose and open, or where the base was not so well 
compacted by traffic as was the condition on project 15 
The greater Viscosity of the hot tar prevents 1ts pene- 
tration into the base and thereby provides a thicker 
lilm to hold the cover stone. Its oreatel adhesiveness 
udds immediate stability to the surface and little cover 
materialislost. It gives a more resilient surface than the 
cold application maternal. This property is especially 
desirable in treatments applied to flexible bases and also 
in regions where climatic conditions are unfavorable. 


ects. 


sainpl 


proyect 


rave 


OLD APPLICATION TAR ADVANTAGEOUS FOR SEAL TREATMENT 


The seal treatment is the final step in the construction 
surface treatments of the type studied. It serves 
to close up the open texture and adds life and some 
ditional road metal to the surface. Later re-treat- 
ents, similar to the seal treatment, are applied as 
\intenance measures, in order that the life and riding 
ilities of the road surface may be retained. 

The materials used in the seal treatments and in the 
r-treatments were essentially of the same type. On 
tie more recent work the tendency was to use a cold 
application of higher consistency than that of the tars 
formerly used. On the projects studied, the most 
ous tar applied was the TC-—5 having a specific vis- 
ty of 35 to 50 at 40° C. Heavier grades, however, are 
ho. coming into use, particularly for re-treatment work. 

wo important advantages in the use of cold applica- 


- 


tion material over hot tar in these re-treatments are: 
1!) \ more uniform texture of the surface is obtained, 
und (2) the cover aggregate can be readily dragged to 
give a smooth surface. Cold application tars also coat 


the cover material with a thinner film; and this condi- 
tion tends to reduce subsequent bleeding and the forma- 
tion of fat spots. 

llot tar was used in the seal and re-treatments on 
project 8 where the base was particularly plastic. 
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To overcome this condition it was desirable to provide 
a thicker and more resilient surface than is ordinarily 
needed. In cases of excessive plasticity the use of hot 
tar is beneficial, prevents the disintegration of 
the surface by movement in the base course. 


; 
as it 


ANALYSIS MADE OF SAMPLES TAKEN FROM TEST HOLES 
Samples of the suriace mats were taken from + | laree 
number of test holes on the projects studied. The 


percentage and consistency ol 
and the 


Table 9 


the bitumen extracted, 
mineral aggregates are givenin 
It was possible in many cases to make a clean 


t 


crading of the 


separation of the tar mat and the tar-primed base; so 
that the analy ses, extractions, and eradings could be 
made On each pOortLon oO! the surface e treatment. Where 


made, the entire 
thickness of the surface treatment was analyzed as one 
sample 

In the examination of 
was found th 
tracted from the mats 
iverage of 5.8 


no satisfactory separation Co ild be 


thie separated mats and primed 
t the percentage of bitumen ex- 
varied from 4.3 to 7.8, with an 

That extracted from the 
2.8 to 6.3 per cent with an 
In the cases where the entire 
thickness of the surface treatment was analyzed as one 
ample the percentage of extracted bitumen ranged 
an average of 4.6 per cent. 


bases, 1 


per cent 
primed bases varied 
LS pel cent 


i1rom 


iverage ol 


irom 3.5 to 6.9 per cent with 


CONSISTENCY OF EXTRACTED BITUMENS DETERMINED BY FLOAT 
TEST AT 50° ( 


W hile the he extracted 


from the different projects « 
it is ot Interest to 


bitumens 
overed a considerable range, 

note two points: (1 That, as would 
be expected, the consist the bitumen from the 
tar mats is much higher than that extracted from the 
primed bases; and (2) that the priming tar has stiffened 
considerably, as is shown by the float test results on 
the extracted bitumen. The float test at 50° C. was 
ised as a measure of consistency. The thin fluid prim- 
ing tar developed a consistency, as measured by this 
test, of 19 to SS seconds, with an average of 59 seconds. 
These figures indicate a definitely higher consistency 
than that of the original material, which had a specific 
viscosity of not more than 18 at 40° C. The bitumens 
extracted from the tar mats had float test values of 
from 86 to 214, with an average of 134. 

It should be recognized that the percentage of ex- 
tracted bitumen does not give the exact amount of tar 
present in the road surface at the time of analysis. On 
extracting a tar aggregate, the free carbon present in 
the tar is left in the mineral aggregate and the true 
tar content is always greater than the value given by 
the extracted bitumen, the magnitude of the error de- 
pending on the amount of free carbon in the tar and 
on the amount of tar which ean not be extracted. 

The consistency of the extracted bitumen represents 
the approximate consistency of the carbon-free con- 
stituents of the tar existing in the road surface at the 
time of the survey, except as the consistency may be 
affected by the shieht loss of volatile materials occurring 
in the extraction process. This bitumen was recovered 
under a laboratory technique as careful as possible, and 
it is believed that there has been no undue hardening 
due to the procedure used. It is felt that the values 


COnSIStenCcles OF fT 


ency oj 


aus reported are reasonably accurate and comparable. 
The float test determination is well adapted to the test- 
ing of tars since it is little influenced by the presence 

Therefore, it is 
’. on the extracted 


of inert matter such as free carbon. 
felt that the float-test values at 50° ¢ 
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bitumens, representing the pure bitumens of the tars, 
may be considered as comparable to the consistency ol 
the tars in the road surfaces at the time of extraction 
even though the free carbon is lacking. 


NO UNDUE HARDENING OF TAR MATS SHOWN 


If the consistencies of the extracted bitumen as given 
by the float test at 50° C. are compared with the specific 
viscosity or float test at 32° C. on the material at the 
time of construction it will be evident that consider- 
able hardening has taken place. While it is no doubt 
true that the tar on the top surface of the road exposed 
to light and oxidation may be quite hard, the con- 
sistency of the tar extracted throughout the entire mass 
of the surface mat did not indicate in general any detri- 
mental hardening on those projects which used a hot 
tar for the second application and a lighter cold tar for 
seal. In the float test at 50° C. the resultant tar ex- 
tracted from the wearing suface, not including the 
primed base, gave results ranging from 86 to 214 
seconds. In general the older projects showed highe: 
float test values at 50° C., indicating the effect of longer 
weathering in hardening the bituminous material. On 
only one project was the consistency of the extracted 
bitumen greater than the consistency requirement for 
tar materials which are generally used in the initial 
construction of penetration macadam. This fact would 
seem to indicate that the tar in the mats at the time of 
the survey was still live and plastie. 
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CRUSHING OF COVER MATERIAL INDICATED BY ANALYSIS 


The cradines oi the ageorecates extracted 
bituminous mats showed considerable 
cover material to have occurred. 


Table v7 that the percentages 


from. the 
crushing of the 
It will be observed in 
pa ssing the 


‘ OF -Inch sereen 
and the No. 200 sieve are relatively high, compared wit! 
the ty pical erading of the cover stone used on the Mayor 


ity ot the proyects 


The preponderance OL Course ugeregate On project LS 
as shown by the eradinge ol sample No. 36161, ay bye 
explained by the fact that on one portion of this project 
the base was covered with coarse stone before the appli 
cation the surface treatment Sample No. 36165 1 
the sand-clay portion which did not receive the ston 
veneer treatment 

On 


samples 


oniv a few projects was it possible to obtan 
the mat separated from the primed. bast 
Where such samples were obtained offer 
means of estimating the extent to which crushing of thi 
cover material occurred. Granite was used on project 
2, 6, and 7; and samples taken from these projects ga 
percentages passing the };-inch sereen ranging from 50 
to 66.2, with an of 58.7. The two samplk 
taken from projects 14 and 16, on which limestone wa 
used as a cover material, gave percentages of 36 
and 36.7, respectively. From these limited data it 
evident that there was considerable crushing of bot 
mmaterials, although the 


The cases 


average 


limestone 


Was apparent 


more resistent than the gvranite. 
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ABOVE: DISTRIBUTOR APPLYING HOT AP- 
PLICATION TAR TO THE PRIMED BASE 


IBOVE: DRAGGING COVER MATERIAL WITH 
A WIRE BROOM DRAG FOLLOWING 
SPREADING OF STONE COVER Laie 
OPERATION SHOULD ALWAYS BE USED 
TO IMPROVE THE RIDING QUALITIES OF 
THE SURFACE 


Ficunr 2 

There was little indication of detrimental effects 
due to the crushing of the cover material. It should be 
noted, however, that the projects studied were of 
relatively recent construction. It is believed that ex- 
cessive crushing of cover material will eventually 
iflect the stability of the surface and that, with due 
revard to economy, tough, durable stone should be used 
In surface treatment and re-treatment work. Both the 
granite and the limestone were considered satisfactory as 
cover materials; and vet, judging by the crushing which 
occurred, it is obvious that a more resistent stone 
Should be used if a satisfactory surface is to be retained 
Without too frequent re-treatment. 

in some cases the cover stone was spread by hand 
and in others by mechanical spreaders. Under average 
conditions considerably better results can be obtained 
by the latter method and, whenever practicable, 


MECHANICAL OPERATIONS IN SURFACI 
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BELOW 1PPLYING MINERAL AGGREGATE 
WITH MECHANICAL SPREADERS_ RE- 
SULTS IN 1 MORE UNIFORM DISTRI- 
BUTION THAN BROADCASTING WITH 


HAND SHOVELS 


BELOW: ROLLING THE SURFACE TO PRE- 
VENT DISPLACEMENT AND LOSS UNDER 
TRAFFI¢ 





TREATMENT WORK 


In order to 
insure a uniform texture and a smooth riding surface 
it is essential that hand spotting and brooming be 
required when hot application tars are used, and that 
dragging be required in the case of cold applications. 


mechanical spreaders should be required. 


RESULTS OF SOIL TESTS INTERPRETED 


The theory of stability of soil mixtures was discussed 
in the publication Reports on Subgrade Soil Studies,‘ 
page 38. In this discussion the soil is represented as 
consisting of large aggregate and mortar, just as are 
mixed bituminous and concrete paving materials, the 
function of the large aggregate being to furnish strength 
and hardness to the road slab and that of the mortar 
to bind the large aggregate particles into a stable mass. 


4 Reprint of PuBLic Roaps, vol. 12 
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The large aggregate, which is that fraction of the soil 
retained on the No. 10 sieve, should be hard and tough Fr 
enough to resist crushing under traffic and can be pres- | 
ent in amounts up to at least 50 per cent of the total 
soil mixture. The soil mortar consists of a clay binder, 
a silt filler, and a sand-fine aggregate. The character 
and proportions of these materials must be such that 

(a) They have the cohesion required to bind the 
particles of both coarse and fine aggregate together | « 
adequately ; 

(6) They do not shrink in amounts sufficient either 
to crack the road slab or to cause the occurrence of 
small fissures between particles of aggregate, which 
may facilitate the entrance of water into the interior 
of the slab; 

(c) They do not swell on wetting an amount sufficient 
to push the particles of aggregate out of the positions 
which they have assumed during the consolidation of 
the surfacing material. 

As a matter of fact the same soil colloids which fur- 
nish the cohesion also cause volume change and soften- 
ing in the presence of water. In practice, therefore, the 
object is to obtain the highest cohesion possible without 
jeopardizing the integrity of the slab structure by detri- 
mental volume change or softening of the binder clay. 


QUALITY OF CLAY BINDERS INDICATED BY 


PLASTIC 
CAPILLARY PROPERTIES 


AND 

In untreated roads the binder should be capable of 
expanding an amount just sufficient to close the surface 
pores, thus preventing the water from penetrating and 
softening the interior of the road surface. When the 
expansion of the binder exceeds that required to close 
the sand pores, the sand grains are likely to become 
unseated, reducing the stability of the mixture. When 
the binder does not expand sufficiently to close the sand 
pores, water may enter and soften the road surface. 
It follows that the amount of binder required to pro- 
duce a stable mixture depends upon the expansion 
properties of the binder. Binders which are only 
slightly expansive may be used in an amount sufficient 
to fill the pores of the sand almost completely. As the 
expansive properties of the binder become greater, the 
amount used without danger of unseating the sand 
grains must of necessity become smaller and smaller. 

Of two soils which have an equal tendency to shrink 
or expand the one having the greater cohesion should 
be the better binder. Of two soils hs aving equal cohe- 
sion, that having the less tendency to shrink or expand 
should be the better binder, since a greater amount 
of it can be used than of the more expansive soil. 

The facts outlined above may be summarized in the 
statement that the suitability of a clay binder is de- 
pendent on its cohesive, expansive, and shrinkage 
properties. The cohesion of soils is related to their 
plasticity; the shrinkage and expansion of soils depend 
upon the capillary properties. It follows that the 
character of soil mortars may be determined in the 


laboratory by constants which throw light on the plastic | 


and capillary properties of the clay binders. These 
constants are the liquid limit, plastic limit, plasticity 
index, shrinkage limit, shrinkage ratio, centrifuge 
moisture equivalent, and field moisture equivalent 


SUBGRADE SOIL CONSTANTS DEFINED 


Complete information on the significance of these 
constants, their use in practice, and their determination 


‘ing the drying process. 
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has been published in Pusiic Roaps and is contained 
in Reports on Subgrade Soil Studies, referred to above. 

In the present discussion the description of the soil 
constants is limited to that required for an understand- 
ing of their use in the work covered by this report. 

(1) Liquid limit.—The liquid limit is defined as the 
moisture content of the soil at which small shocks will 
just cause it to flow. It is the maximum moisture 

content of plastic soils when in the plastic state, and 
is indicative of the maximum capillary capacity of all 
soils, plastic or nonplastic. At the liquid limit the 
cohesion is practically equal to zero. 

(2) Plastic limit.—The plastic limit is defined as the 
minimum moisture content at which the soil can exist 
in the plastic state. 

(3) Plasticity index—-The plasticity index is the 
difference between the liquid and plastic limits. It is 
an expression of the range of moisture contents through 
which plastic soils remain plastic and consequently 
cohesive. The plasticity index, in other words, indi- 
cates the amount of water, in excess of that represented 
by the plastic limit, which must be added in order to 
reduce the cohesion of the soil to practically zero, its 
state at the liquid limit. It may, therefore, be 
considered as a qualitative measure of the cohesive 
property of the soil. 

(4) Shrinkage limit.—For practical purposes the 
shrinkage limit is the maximum moisture content of 
the soil when it has attained the minimum volume dur- 
It indicates elastic properties 
of soils, high values indicating high elasticity. 

The shrinkage limit indicates minimum 
produced by maximum capillary pressure due to 
evaporation. <A high shrinkage limit indicates high 
porosity under maximum capillary pressure. Shrink- 
age limits of 30 or more are characteristic of elastic 
soils. 

In binders elasticity is 


porosity 


not detrimental since the 
important quality of binders is cohesion and not sup- 
porting power. The shrinkage limit, however, has an 
important bearing on the qualities of binders, because 
of its relation to the field moisture equivalent. The 
more nearly the shrinkage limit approaches the 
field moisture equivalent the less the volume change 
of the soil under field conditions. A shrinkage 
limit equal to or greater than the field moisture equiv- 
alent indicates no volume change under field conditions. 

(5) Shrinkage ratio.—When a soil loses moisture by 
evaporation above the shrinkage limit it shrinks 
proportionately to the amount of moisture loss. The 
shrinkage ratio expresses the percentage of soil shrink- 
age in terms of the percentage of moisture loss. Thus 
a shrinkage ratio of 1.8 signifies that above the shrinkag« 
limit a loss of moisture equal to 1 per cent of the weight 
of the dry soil will cause the soil mass to shrink 1.8 pe: 
cent of the volume of the dry soil. 

(6) Centrifuge moisture equivalent.—The centrifuge 
moisture equivalent is defined as the percentage o! 
water retained by the soil when compressed by a 
centrifugal force equal to 1,000 times the force of gravits 
for one hour. 

Generally, except in certain silt soils and in soils 
which waterlog, the centrifuge moisture equiv: iat is 
less than the liquid limit. The centrifuge moisture 


| equivalent indicates the affinity of a soil for water as a 


result of its capillary properties. The lower the centri- 


fuge moisture equivalent of a soil, the less is its ability 
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to take up moisture by capillarity. For soils with equal 
liquid limits, the less the centrifuge moisture equivalent 
the less is the ability of the wet soil to take up capillary 
moisture and the lower will be the capillary rise. 

Centrifuge moisture equivalents which exceed liquid 
limits without water-logging indicate extremely high 
capillarity. Centrifuge moisture equivalents with 
water-logging indicate impermeability caused by gluey 
colloids. 

Field moisture equivale nt.—The field moisture equlv- 
alent is defined as the amount of water which a soil will 
absorb when its moisture content is gradually increased 
hy adding water. As water is added to a soil powder, 
cohesive or glue-like properties are developed and 
continue to increase until a certain amount of moisture, 
depending upon the character of the soil, is absorbed, 


and a maximum cohesion is developed. With the 
increasing cohesion the soil grains are more and more 
restrained from separating. Moisture can enter the 
soil only by separating the particles; and when the 


cohesive force exceeds the capillary force tending to 
‘ause the separation, no more moisture can enter and 
the field moisture equivalent is reached. This constant 
. therefore, an index of the cohesive properties of the 
aa 

The addition of moisture in excess of the field moisture 
equivalent, by means of manipulation, reduces the 
cohesion until the liquid limit is reached, at which the 
cohesive properties virtually disappear. The field 
moisture equivalents of expansive soils which have no 
cohesion are equal to the liquid limits. 

If the liquid limit is greater than the field moisture 
equivalent the following relations hold true: The greater 
the difference between field moisture equivalent and 
liquid limit, the greater is the plasticity of the soil, the 
vreater is the resistance of damp soil to the entrance of 
capillary moisture, and the less is the tendency of the 
soil to expand in the presence of moisture. 


CONSTANTS OF AVERAGE OR STATISTICAL SOILS USED 
OF COMPARISON 


AS BASIS 


These constants serve to furnish information on the 
three important properties of binder clays, their cohe- 
sion, their water-retentive or expansive properties, and 
their shrinkage properties. They do not give quanti- 
tative measurements of cohesion, shrinkage, and ex- 
pansion. Their value lies in the fact that the magni- 
tudes of the constants and their quantitative relations 
to one another are associated with the characteristics 
of soil groups whose properties have become known 
alitatively through their performance in service. 

To facilitate the use of the constants it is necessary 
have 

') A basis of comparison by means of which it is 
possible to obtain some quantitative conception of the 
decree to which these three properties are present in a 
binder clay; 

A knowledge of the relations between soil per- 
formance and the presence of these properties in dif- 


to 


f 
l 


\ ferent degrees. 

) "he basis used for comparison is the set of relation- 
$ ships which was found to exist between the average 
S ‘ clay contents and the average soil constants of more 
e | than 5,000 soil ae An ‘‘average”’ or “‘statistical”’ 
a » soil may be defined as a hypothetical soil having con- 


stants conforming ce ‘cas averages. Table 10 gives 
the soil constants of statistical soils for varying per- 
centages of clay. 
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TABLE 10 Soil constants of statistical soils 
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In this table we find that the average or statistical 


soil having a clay content of 50 per cent, has physical 
constants as follow: 
Liquid limit . 69 
Plasticity inde 34 
Shrinkage limit 12 
Shrinkage ratio 2 
Centrifuge moisture equivalent ; 50 
Field moisture equivalent. oe: 37 


Comparisons may be made with soils 
same clay content but different constants. A soil with 
a similar clay content but with a higher plasticity 
index, say 45, is suggestive of clay more active than the 
average with respect to plasticity, volume change, etc., 
the higher plastic properties being due mainly to the 
presence of gluey colloids. Likewise, a soil with a 
similar clay content but with a lower centrifuge mois- 
ture equivalent, say 40, suggests a clay of lower water 
retentive properties than the average. 


having the 


STATISTICAL RATIOS USED TO EXPRESS RELATION OF ACTUAL TO 


STATISTICAL SOILS 

It is convenient in practice to express the relation- 
ships of constants of a given soil to those of the average 
soil as a ratio termed the average or statistical ratio. 
Thus the average 


ratio of the plasticity index of 45, 


referred to above, is ; gy OF 1.32, and the average ratio of 
oo 
the centrifuge moisture equivalent of 40, also referred 
- 40 
to above, is = 0.80. 
0 


In the case of natural soils, in which the active por- 
tion of the soil tested comprises a large part of the 
entire soil sample, the soil constants as such are usually 
capable of indicating clearly the soil characteristics. 
In graded mixtures, however, the clay binder may be 
but a small fraction of the portion of the soil tested. 
In such cases the use of the ratios to supplement the 
constants may be required in order to disclose the char- 
acter of the clay 

Without these average ratios it would be necessary 
to perform the very painstaking and costly operations 
of separating the clay contents from the soil samples 


5 The average shrinkage ratio tained by substituting the average specific 
gravity of soils, 2.65, and the statistical shrinkage limit (Table 10) in the formula: 
—— 100 Xspecific gravit 
Shrinkage ratio= - —_—__—__—— 
100+shrinkage limit Xspecifie gravity 
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and testing them separately in order to determine the 
character of the clay. Since a knowledge of the 
mechanical analysis without a knowledge of the char- 
acter of the clay binder is inadequate to determine the 
efficiency of the soil for use either as road surfaces or 
as bases for surface-treated roads, the importance of 
the average ratios will be readily understood. 
GROUP CLASSIFICATION OF SOILS SERVES AS KEY TO 
PERFORMANCE 

Because of the fact that the presence of certain soil 
constituents indicates the important soil properties, it 
has been found possible to arrange the various soils in 
groups which are indicative of their performance. The 
characteristics of the uniform soil groups are discussed 
in the following paragraphs." 

Group A-1.—Well-graded material, coarse and fine, 
excellent binder. Highly stable under wheel loads, 
irrespective of moisture conditions. Functions satis- 
factorily when surface-treated or when used as a base 
for a relatively thin wearing course. 

Group A-—2.—Coarse and fine materials, improper grad- 
ing or inferior binder. Highly stable when fairly dry. 
The more plastic soils of this group are likely to soften at 
high water content caused either by rains or by capillary 
rise from saturated lowerstrata when an impervious cover 
prevents evaporation from the top layer, or to become 
loose and dusty in long continued dry weather. 

Group A-3.—Coarse material only, no binder. 
Lacks stability under wheel loads but is unaffected by 
moisture conditions. Not likely to heave because of 
frost or to shrink or expand in appreciable amount. 
Furnishes excellent support for flexible surfaces and 
also for relatively thin rigid pavements. 

Group A-4.—Silt soil without coarse material, and 
with no appreciable amount of sticky colloidal clay. 
Has a tendency to absorb water very readily in quan- 
tities sufficient to cause rapid loss of stability even 
when not manipulated. When dry or damp, presents a 
firm riding surface which rebounds but very little upon 
removal of load. Likely to cause cracking in rigid 
pavements as a result of frost heaving, and failure in 
flexible pavements because of low supporting value. 

Group A-5.—Similar to Group A—4, but furnishes 
highly elastic supporting surfaces with appreciable 
vbeued upon removal of load even when dry. Elastic 
properties interfere with proper compaction of macadam 
during construction and with retention of good bond 
afterwards. 

Group A-6.—Clay soil without coarse material. In 
stiff or soft plastic state absorbs additional water only if 
manipulated. May then change to liquid state and work 
up into the interstices of macadams or cause failure due 
to sliding in high fills. Furnishes firm support essential 
in properly compacting macadams only at stiff consis- 
tency. Deformations occur slowly and removal of load 
causes very little rebound. Shrinkage properties com- 
bined with alternate wetting and drying under field con- 
ditions are likely to cause cracking in rigid pavements. 

Group A-7 —Similar to Group A-6, but at certain 
moisture contents deforms quickly under load and 
rebounds appreciably upon removal of load, as do soils 
of Group A-5. 
field conditions leads to even more detrimental volume 
changes than in the case of Group A-6 subgrades. May 
cause concrete pavements to crack before setting and to 
crack and fault afterwards. 
associated chemicals productive of flocculation in soils. 


6 See shapeste on Subgrade Soil Studies, pp. 17 to 49 


Alternate wetting and drying under 


May contain lime or 
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As the characteristics of the mortar change from those 
of the 1 subgrade, the mortar may become an A—2 
material of one of several varieties. Increase in sand 
content, for instance, woufd produce a friable variety 
approaching the A-8 material; increase in clay content 
would produce a plastic variety approaching the A—6 or 
A~7 materials; and increase in the silt content would 
produce a highly capillary variety approaching the A—4 
or A-5 material. 

Without surface treatment the A—-1 material should 
prove satisfactory on both wet and dry subgrades; the 
plastic A-2 may serve well on dry subgrades; the fri- 
able fairly well on wet subgrades; and the capillary 
variety ts likely to fail in either case. The cohesionless 
A-3 and the highly elastic A-5 soils are unsuited for 
road surfaces. The A-4, the A-6, and the A-7 soils 
are likely to be satisfactory as untreated road surfaces 
only in dry weather 


EFFECTS OF SURFACE TREATMENTS DISCUSSED 


Bituminous surface treatments provide (a) cohesion 
which serves to bind the top particles of the base to- 
gether, b) a mat which resists abrasion and protects the 
base from the suction, thrust, or other shocks produced 
by traffic, and (¢) an impervious top which prevents 
the entrance of surface water into the base and the 
evaporation of capillary moisture from the base. 

The wear-resistant mat and the cohesive action of 
the bituminous surface treatment are beneficial for 
bases comprised of all groups of soils. 

The ability of surface treatments to prevent surface 
water from entering the soil bases Is especially advan- 
tageous to those group A—-6 and A-7 soils which are so 
impervious that capillary moisture can not enter from 
below in detrimental amounts. Under such conditions, 
these soils make excellent bases for surface treatments. 

The increase of capillary moisture in the soil slab due to 
the prevention of evaporation may have several impor- 
tant effects: (a) It may soften the more plastic varieties 
of clay binder and thus make unstable the soil slabs which 
contain the amounts of this type of clay required forstable 
untreated surfaces; (6) it may provide additional cohesion 
for holding together the grains of over-sanded mixtures 
which become very loose in dry weather when untreated ; 
(c) it may cause loss of stability in bases composed of the 
highly capillary varieties of A—4 soils. 

It is thus evident that the amount of clay necessary 
to bind an untreated road may be excessive if the road 
is treated, the rise of capillary moisture causing the basi 
to soften and fail. The occurrence of failures over plas- 
tic bases and subgrades on some of che projects covered 
by this study is attributable to this phenomenon. 

The present tendency is to use loss clay in new con 
struction and, on previously untreated roads to modif 
the plasticity of the mortar by the addition of granula 
material or by some other suitable means, prior to 
application of the surface treatment. 

Materials belonging to the various soil groups may b 
used successfully as bases for surface treatment under 
the following conditions: A-1 materials on dry or 
moderately wet subgrades; plastic and capillary A-2 
materials on dry subgrades and friable A-2 materia!s 
on both wet and dry subgrades; well drained A--4, ma- 
terials not subjected to frost action and certain imper- 
vious varieties of the A-6 and A-7 say tg material 
A-1 materials on very wet subgrades and A-2 plast 
and capillary materials on either very wet or ce v 
wet subgrades are likely to prove troublesome because 
of softening of the clay binder. 
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Because it increases the capillary moisture content, 
and because this in turn produces additional cohesion, 
a surface treatment may not only stabilize the surface 
of a soil road, but may also, in the case of materials 
having but little cohesion, exercise a stablizing benefit 
throughout the entire depth of the road base and a part 
of the subgrade beneath. This faet explains why many 
materials, not suited for soil roads without treatment, 
perform satisfactorily when surface-treated. 
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The grading of the soils which contained kaolin as the 
clay binder and which were found to furnish highly 
stable untreated road surfaces in Georgia was as follows: 


Material retained on the No. 10 sieve, not more than about 
50 per cent; the soil mortar, that fraction passing the No. 10 
sieve, consisting of clay, 5 to 10 per cent; silt, 10 to 20 per cent; 
total sand, 70 to 85 per cent; and coarse sand, 45 to 60 per 
cent Average effective - ipproximately O.OL millimeter and 
uniformity coefficient greater than 15 





FIGURE 4 EXAMPLES OF SURFACE 
CHARACTERISTIC FAILURE ON SAND-CLAY-GRAVEL BASE OF 
IGH) PLASTICITY UNDER UNFAVORABLE DRAINAGE Con- 
TIONS 
i B. Surrace Conpition TypicaL oF THE Two MIxep Base 
ROJECTS, 4 AND 5, WHERE CoL_p Tar MATERIALS TC-3 AnD 
WrrE USED FORSECOND APPLICATION. PHOTO SHOWS Cover 
ONE EMBEDDED IN THE SOFTENED PRIMED BasE RATHER 
\N Beinc Hextp sy a Tar Fi_m 
KAOLIN REPRESENTATIVE OF GOOD BINDER CLAYS 
will be readily understood that the two important 
requirements of binder clay, to wilt, appreciable CO- 
hesion and no detrimental volume change, are the 
req ements also of good pottery clay. The cohesion 
: is required to hold the molded pieces together during 
the burning and the absence of volume change Is 
reqiured to prevent cracking of the heated pieces. It 
‘ Is, therefore, not surprising to learn that kaolin (hydrous 
silicate of aluminum), an excellent China or porcelain 





clay, seems to satisfy both the practical and theoretical 
requirements of good binder clay, according to experi- 
enee with untreated topsoil roads in Georgia. 








TEXTURE ON TarR-TREATED PROJECTS 

C anp D, Progect 8, ILLUSTRATING THE EFFECT OF MICA IN 
rHE Bast BASE MATERIALS IDENTICAL IN CHARACTER 
EXCEPT FOR THE Mica PRESENT FiguRE C REPRESENTS 
THE SURFACE WHOSE Base CONTAINED AN APPRECIABLE 
AMOUNT OF Mica AND FiGurRE D THE SuRFACE WHOSE BASE 
WAS FREE FROM MICA 

E, Prosect 7, Hote 7. Goop Surrace CONDITIONS OVER 
\—7 Sor, UNDER FAVORABLE DRAINAGE CONDITIONS 


The character of kaolin when compared with that of 
other soils is disclosed by its statistical ratios, which are 
as follows: 


Liquid limit 1. O07 
Plasticity index 1. 00 
Shrinkage limit 2.44 
Centrifuge moisture equivalent 1. 23 
Field moisture equivalent 1. 06 


Table 11, which contains the ratios of a limited num- 
ber of typical soils, assists in revealing the significance 
of the ratios of kaolin binders. From these values it 
can be seen that the liquid limit of kaolin, like that of 
the A-6 and A~7 clays, is equal approximately to that 
of the statistical soils. It is apparent that kaolin will 
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TaBLE 11.—Rattios of test constants of typical soils to those of | t 


statistical soils 
Ratio to statistical soil 


Moisture Sub- 
Soil -quivalent grade 
| Liquia | Plastic-| Shrink- — soup 
. ity se [--- 
limit index | limit Centri- 
| fume | Field 
ae 0. 73 : 0. 94 0. 45 1.45 A-3 
California sand -. ‘ iets 1. 43 ‘ 1. 00 . 30 1.70 | A-3 
New wes silt___- a | 1. 67 .79 . 96 A+ 
Missouri silt-. Ese eee 84 | 0.67 1.71) 1.07) 1.04} A-4 
| 33S } 1.82] 1.60 2.06} 2.25 2. 06 | A-5 
oe ne eS 2 2.21] 671) 294) 3.57 A-5 
Vesna GY.....-.-<....-.....- 1. 08 1.51] 1.10] 2.04) 67 A-6 
I oe oe eee 1.48 92 | 1. 88 81 A-6 
Minnesota gumbo-__....-.---- 1.05 1.31 131] 1.40] 1.31} A-7 
Mississippi clay - -......-.-- = 1. 00 1. 34 . 90 1.43 1.11 | A-7 





not lose stability until it takes up as much moisture as 
that required to soften the fine-grained cohesive soils. 
The typical silts listed in Table 11 have plasticity 
index ratios less than the liquid limit ratios, while the 
clays have plasticity index ratios greater than the 
liquid limit ratios. This fact indicates that clays have 
relatively much greater cohesion than silts. The plas- 
ticity index ratio of kaolin, however, just about equals 
the liquid limit ratio. It follows that the cohesive 
properties of kaolin are somewhat greater than those 
of silts but not as great as those of the c lays and gumbos. 
With this moderately high cohesion, kaolin has an 
exceptionally high shrinkage limit ratio which, com- 
bined with the low field moisture equivalent ratio, sug- 
gests negligible shrinkage properties. Its centrifuge 
ratio of 1.23 indicates water retentive properties 
smaller than those of the A—5, A—6, and A-7 soils. 
STATISTICAL RATIOS EXPLAIN PERFORMANCE OF MATERIALS 
USED ON PROJECTS 
Tables 12 and 13 give the statistical ratios of the 
materials used as subgrades and bases on the various 
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ables are based upon that portion of the sample pass- 


‘ing the No. 40 sieve, which is the portion used in deter- 


mining the soil constants. These clay contents are 
important only in determining the statistical ratios, and 


‘should not be confused with those given in Tables 2 
| and 3, which are the true clay contents of the soil mortar 


(material passing the No. 10 sieve). 

An examination of Tables 12 and 13 will help to 
explain the behavior of the surface-treated roads 
observed in the survey. It should be borne in mind 
that the properties of good binders are represented by 
those of kaolin; and that bituminous surface treatments 


| permit a much wider range in soil properties than is 


projects studied. The clay contents used in these | 


TABLE 12.—Ratios of test constants of soils tested to those of statistical soils having the 
clay-gravel base 


Identification 





practicable in untreated roads. 

According to these tables seven base samples have 
relatively high plasticity index ratios (greater than 1, 
that of kaolin). They are 6369 and 6206, project 1; 
6064 and 6063, project 2; 6195, project 3; 6062, project 
7; and 6197, project 14. 

With the high plasticity indices, 5 of these samples, 
5369, 6064, 6195, 6206, and 6063, have field moisture 
equivalent ratios less than 1.06, that of kaolin. Three 
of these 5 samples, 6369, 6064, and 6195, were taken 
from portions of roads which had developed defects. 
The clay contents’ of samples 6369 and 6064, were, 
respectively, 21 and 22 per cent, while the clay content 
of the third sample, 6195, was 13 percent. The surface 
defect in project 3 (base sample 6195) is pitting, and 
this may be due to the character of the surface treat- 
ment rather than to the characteristics of the base 
material. The clay contents of the 2 surfaces repre- 
sentative of good results—samples 6063 and 6206— 
were, respectively, 14 and 15 per cent. 

Samples 6062 and 6197, which also had high plas- 
ticity indices, were taken from sections reported as 
having wavy surfaces. Field moisture equivalent ratios 
greater than 1.06, that of kaolin, indicate that these 
soils have relatively high moisture absorptive properties. 


7 Clay contents of soil mortar, that fraction passing No. 10 sieve 


same percentage of clay on projects having sand 


il having same percentage of clay 

















Ratios to statistical s« 
| 
Proj-| Labora- E vice, | Raquid Plastic 
ect tory Hole Course 2 Clay sl limit index 
No. No. vo. content") ratio | ratio 
| \ Per cent | 
AE 2 Eee ee 2f 0. 94 1. 36 
1 | 1200 | 35 | ne "ESS eect eee ees 23 | 1. 00 1. 36 | 
S-6194 35 Subgrade_._--_- Se ere 15 | .74 1 .50 
S-6063 10 eee aia 22 | .97 1. 30 
> |) $-6057 | 10] Subgrade__- Sasisadanes 16 .79| 0 
“ }) 8-6064| 12) Base..............- 27 | 89 | 1. 20 
S-6059 Id | Subgrade........... sake 12 95 | 0 
S-6060 7 | Base- Stic Deniemdnites aan ‘ 46 75 . 90 
S-6054 7 | Subgrade..-_-....-.. a 49 . 90 . 85 
7 |) $-6061 8 | Base___--- en 20 | . 43 . 22 | 
S-6055 8 | Subgrade--_--- . : 44 | 75 . 83 
S-6062 J) ae 11 95 1. 33 
S-6056 A ae = 27 | 76 | 93 | 
11 |{ $8208 | 23 | Base oo 6| 13} o. | 
8-6173 23 | Subgrade.._-.-_- aeeinclachamagh 32 75 79 
13 i S-ome | ESE 8 | 1. 35 | 0 
8-6170 ob” eae 19 | 1.04 .75 
14 { S-6197 19 |} Base._..-.- : A en 12 1. 25 1.75 
8-6171 fi aaa al 31 1. 02 | 61 
15 { §-o200 SS erES 10 | 1. 44 | 0 
S-6200 4 eae 21 . 90 | .78 
S-6198 CARTS 13 90 | 0 
16 |) $-6172 ES ES aa 31 | 1. 00 1. 06 
S-6201 0 Se EES 10 | 1. 22 0 
8-6202 | 22] Subgrade.........-...-..----. 11 | 1. 32 | 0 











Centri 


Shrinkage’ , fuge , cue Condition of wearing surface 
limit MOIS*UFO equiva 
tio equiva- le 
scien lent rai 
ratio 
1. 20 0. 65 0. SS Badly cracked. 
1. 33 ote 1.00 | Good 
1,94 1. 00 s4 
1. 27 . 86 1. 04 Do 
1.13 . 47 . 90 
1. 21 . 67 81 | Cracked 
21.31 50 1. 25 
1. 38 | f 75 Good 
2. 58 69 1.14 
21.93 . 60 50 Do. 
1. 23 ee | 91 
1.13 | .79 1.13 | Wavy. 
1.14 . 67 78 
21.65 . 83 2.08 | Good. 
1. 50 8&8 &3 
21.71 . 58 2.15 |\ Wavy, base corrugations not removed before tre 
1. 60 | 1. 42 1.41 |J ment. 
21.50 | 1. 00 1.50 |\Slightly wavy, base corrugations not removed before 
2. 36 1.19 | 1.38 |j treatment. 
<a 1. 69 2.00 | Good. 
1. 53 1.10 1. 09 
1. 44 . 87 1.12 Do. 
1. 86 1.19 1.14 
21.50 77 1.50 | Slightly cracked. 
21.81 1. 21 1. 80 | 





1 Based on mechanical analysis of material passing No. 40 sieve. 
2 Soils which have no significant shrinkage limit. 


Shrinkage limit computed for purpose of comparison. 
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TABLE 13. Ratio of test constants oJ soils tested to those of stalistical soils hai nq the an } Lge i clay on projects having top oil 
or sand-clay base 
POPSOIL BASE PROJEC' 
Ider Rat 
Pro}-| Labora- | Hi roe One | ee | 4 
No ry No \ ntent rati , 
Per ¢ 
+043 Ba 12 a 
| S-H044 r 29 I s 
, i} S4i045 l ] 1 i 5 
‘is 6046 | i 10 SS s ) 
| 043 } : ) 
= 4048 21 2 2% 
E O49 4) 1 22 
i ) Ds ( 
| S-6052 f | 23 { i 
| St 4 |} 7 
‘ | 1 
4 1s : : 
B se 
x7 | ( ) { } 
‘ t 2.4 i 
s4 , | ) 87 
: , ‘ 
=A 
Pe 
t 
g No. 40 sic 
i Snrir 
Their clay contents were, respectively, 9 and 11 per. project 9, to account for the defects developed by the 
cent surfaces represented by these samples. 
The high field moisture equivalent ratios (greater The data regarding the desirable properties of soil 
than 1.06) of base samples 6203, project 11; 6196, mortars and subgrade soils is not comprehensive 
project 13; 6199, project 15; 6201 and 6198, project 16; enough to permit the drawing of hard and fast speci- 


and 043, project 4, combined with plasticity indices of 


ero suggest the presence of detrimental expansive 
properties due in part to the absence of cohesion. 
These samples have clay contents of 11 per cent or 
less. However, three of the six surfaces represented 
hry th 


by these samples are reported as being in good condition. 

Seven subgrade samples (Nos. 6054, project 7; 6171, 
project 14; 6175 and 6204, project 10; 6189, project 12; 
bISI, project 18; and 6183, project 19) listed as A-5 
indicated potential elastic properties high enough 


to cause their shrinkage limits to exceed 30. 

_In the ease of samples 6183 and 6054 the relatively 
igh plasticity indices of 22 and 29, respectively, 
indicate cohesive properties tending to reduce the 
elasticity of the material in service. 


It is interesting 
to note that the road surfaces laid on the subgr: ades 
from which these two samples were taken remained in 
good condition. The road surfaces laid on four of the 
five subgrades represented by the other A—5 soil samples 
referred to dey eloped defects. 

There is nothing in the test results on base samples 
6045, project 4; 6165 and 6190, project 8 and 6168, 


| treatme nts, 


(dded to the information 
collected regarding these 


ceding discussion becomes quite 


fications. 


has been 
previously 


matters, the pre- 
indicative. The fol- 
lowing is suggested for bases to be surface treated: 

1. Binder clays having high plasticity, indicated by 
plasticity index ratios greater than 1, with normal 
expansive properties, indicated by field moisture equiva- 
lent ratios less than 1.06, should not be present in base 
mortars in amounts exceeding 20 per cent. 

2. Highly expansive clay binders indicated by field 
moisture equivalent ratios greater than 1.06 are likely 
to prove troublesome, whether the plasticity is high or 
low. 


which 


The less plastic subgrades of the A—5 groups are 
likely to prove troublesome in surface-treated roads. 
4. Binder clays having plasticity index ratios of 1.00 
or less and field moisture equivalent ratios not exceed- 
ing 1.06 can be used in varying amounts successfully. 
For example, as is shown in Table 2, sand-clay-gravels 
with clay up to 15 per cent functioned well with surface 
whereas those on which the treatments 
cracked contained slightly more than 20 per cent. 
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The excellent performance of the base represented by 
sample 6060, project 7, with 36 per cent of clay, may 
have been due more to good drainage conditions than 
to good grading of soil material. In this connection, 
however, it should be recalled that when enough fine 
material is present to make A-7 soils impervious, they 
lose stability primarily as a result of water entering 
from the top. Consequently, as illustrated by the 
Minnesota gumbos, they are stabilized by surface 
treatments preventing the entrance of water from above. 
It is, therefore, possible that soils with either a very large 
or very small amount of clay may function well when 
surface-treated, whereas, a soil containing a moderate 
amount may cause softening and loss of stability. 

A number of the sand-clay-gravel base projects were 
built of river-washed material containing only from 4 
to 13 per cent of clay. The surfaces on these projects 
were generally in better condition than those built on 
bases having considerably larger percentages of clay 
binder. The river-bed sand-clay-gravel contained a 
high percentage of material larger than 2 millimeters, 
as much as 71 per cent in one instances, and exceeding 
50 per cent in 4 cases. 

The sand-clay and topsoil bases which are shown in 
Table 3 to have given good service had clay contents 
varying from 9 to 26 per cent. The clay contents of 
the faulty bases varied from 12 to 26 per cent. It is 
thus apparent that the clay content alone is not a 
criterion of the service value of the base materials. 
PROPERTIES OF SUBGRADE AND BASE MATERIALS IMPORTANT 

IN SURFACE TREATMENT 

It is evident from the foregoing discussion that the 
behavior of surface treatments depends upon the 
character of the base and subgrade materials. The 
suitability of the underlying material is largely depend- 
ent upon the character and quantity of the binder. 
The suitability of an untreated road as a base, or new 
base construction for surface treatment, is often indi- 
cated by its behavior under traffic. An untreated 
surface which tends to ravel in dry weather will prob- 
ably be more satisfactory after treatment than one 
which remains well bonded. This is contrary to early 
opinions on this subject; but experience has shown 
that where a given clay is used as a binder a less amount 
is desirable in bases for surface treatment than is 
required for an unsurfaced road of the same material. 
The clay required for stability in the latter tends to 
become plastic after surface treatment, because the 
surface mat prevents evaporation and causes the base 
to yield under traffic; and this leads to weakening and 
failure of the mat. 

The maximum amount of clay binder permissible in 
the base depends largely upon the fine materials and 
particularly on the character of the clay itself. Be- 
cause of the presence in base materials of certain soil 
constituents which determine to a large extent the 
behavior of the base, it is possible to apply soil an: alysis 
not only to the subgrade soils but to the base course 
material as well. 

Unsatisfactory base materials were used on 
of the projects studied, 
surface. In some cases also the constructed base 
courses were composed of materials inferior to the 
natural soil in the road. Analyses of the materials 
before construction would not only have prevented the 
use of this unsatisfactory material but would have 


several 


with resulting failure of the. 
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brought out the vossibility of using the natural soil or 
would have indicated the best method of treating it 
to make it satisfactory. 

For example, sand admixtures are likely to prove 
beneficial to base materials when highly plastic clay 
with a plasticity index ratio greater than 1.00 is present 
in amounts exceeding 20 per cent. This same type of 
clay, in moderate amounts, may prove beneficial in 
st: abilizing elastic bases which have little or no plasticity 
and have field moisture equivalent ratios greater than 
1.00 The same type of clav may be advantageously 
used in considerable stabilize Inghls 


elastie A 


nmounts to 
5 soils 
ADAPTABILITY OF VARIOUS SOIL GROUPS FOR SURFACE 
TREATMENT SUMMARIZED 

The performance which tas in renner: al} we eENpec te =e 
from soils of the various uniform groups, when used : 
bases for surface tre is outlined in the isliowine 
paragraphs: 

Group A-1 Materinls would be hight, satisfactory 
but yre seldom encountered There is also the 
bility of softening on very wel suberades 
A-2 Materials range from frinble to plastic 
The less plastic materials are satisfactory The more 
plastic materials are unsatisfuctory, except under dry 
conditions, but are often used. The presence of 
micaceous materials tends to decrease ere rath the sta- 
bility of the base material Some suitable treatment 
for reducing the plasticity of the material or stabilizing 
bases having the more plastie characteristics should 


‘tment, 


possl- 


Group 


applied A large percentage of the bases studied come 
under this group 
Group A-3 Materials are hightks satisfactory for 


surface treatment In the construction of a bitumi- 
nous mat on this material a large amount of primer 
will probably be necessarv to stabilize the surface of 
the base The sand-gravel materials obtained from 
runs and river beds and used on some of the projects, 
such as project 11 and parts of projects 13 and 16, 
are of this group, as are 
and part of project 6 
Material is not satisfactory for surfaces 
treatment except under favorable moisture conditions 
Since material is deficient in sand, stabilizing by mixing 

fairly light tar with it, or laving a thin surface cove: 
of coarse graded aggregate, would probably be more 
practicable than adding a large amount of sand o1 
other fine granular materials, which would be required 
as an admixture. The t topsoil on part of project 10 is 
of this class. This material was not given any special! 
treatment and the surface mat has developed som: 
cracks. 

Group A-5.—Materials may not be satisfactory for 
surface treatment because of detrimental elasticity 
Stabilizing by mixing a light tar with the surface would 
probably be as satisfactory as employing a thick top 
course of stone or other suitable material. 

Groups A-6 and A-7.—Materials generally lose 
stability as a result of water entering from above. 
Surface treatments which prevent this entrance of 
moisture produce fairly satisfactory results. A thin 
top course of sand added to the surface would greatly 
improve the material for surface treatment. The A-7 
soil, found extensively in the Piedmont area, is a light 
red-colored material. The base material on part of 
project 7 is of this type. 


the topsoils used on project j 


Group A a 
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